INTRODUCTION
The method of total excreta collection is the most frequently used to determine metabolizable energy (ME) in broiler feeds, and it is based on quantifying feed intake and total fecal excretion for a determined period (Sakomura & Rostagno, 2007) . However, this method has several limitations, including the contamination of excreta with feed, feathers, intestinal mucosa sloughing, which interferes with the final results. An alternative method is to perform partial excreta collection, determining ME by the ratio of indigestible substances, called markers, present in diets and excreta. According to Vasconcellos et al. (2007) , indirect methods of ME determination are characterized by the use of markers.
According to Ramos (2003) , marker is the term used to call the material used to qualitatively or quantitatively estimate nutritional phenomena, and it is considered a physical-chemical monitor of digestive processes. A good marker is a known, non-toxic substance that remains unchanged during the passage along the gastrointestinal tract. It must also not have any influence on the physiological processes of the digestive tract, associate with other substances, and must be easy to analyze and be completely recovered in the excreta (Kobt & Luckey, 1972 , quoted by Sakomura & Rostagno, 2007 . However, to date, there are no markers that comply with all these requirements (Marais, 2000) .
Among the external markers used in studies with monogastric animals, chromium oxide is highlighted, but it has some inconveniences, such as the incomplete recovery and analytical variation when colorimetric methods are used (Sakomura & Rostagno, 2007) .
Acid-insoluble ash (AIA) is an indigestible that contains mainly silica Keywords treated with hydrochloric acid, and it is considered an internal marker. However, as grains contains low AIA levels, external sources (Celite TM , sand, and silica) may be added to diets to increase the accuracy of the estimates. These sources may be considered external markers (Sales & Jansen, 2003) . Studies carried out at UNESP Jaboticabal using AIA (Barbosa et al., 2008; Santos et al., 2008) yielded good metabolizable energy and digestibility estimates of nutrients in broiler feeds. However, no reports were found in literature on the use of this marker to determine AME in feed ingredients.
The aim of this study was to compare the use of total or partial excreta collection using acid-insoluble ash as marker to determine apparent metabolizable of corn and soybean meal for broilers.
MATERIAL AND METHODS
The study was carried out at the Poultry Sector of the Animal Science Department of the School of Agrarian and Veterinary Sciences, UNESP, Jaboticabal, SP, Brazil, in January, 2007. A number of 180 Cobb broilers, from 12 to 21 days of age (experimental period), was used. From one to eleven days of age, birds were fed a diet formulated to supply their nutritional requirements, according to Rostagno et al. (2005) . A reference diet (RD) was then formulated to supply the birds' nutritional requirements. Feedstuffs (corn and soybean meal) replaced RD at 40%. One percent Celite TM was used to determine AIA. Diet composition is shown in Table 1 . The experimental treatments consisted of the methods used to determine corn and soybean metabolizable energy: T1 -total excreta collection method (TC) and T2 -partial excreta collection method (PC). A completely randomized statistical design, with two treatments with six replicates of 10 birds each was applied.
On day 12, birds were individually weighed and randomly distributed in battery cages (0.72m 2 ) to have similar average initial weight among experimental units. Birds were submitted to a period of adaptation of five days to the experimental diets.
The period of total excreta collection started on day 17. Trays lined with a plastic sheet were fitted under the cages to prevent the loss of excreta. Experimental feeds were weighed, and 1% ferric oxide was added on the first and on the last day of the collection period (day 21) to identify the excreta derived from the experimental diet. Therefore, in the first collection, non-marked excreta were discarded, as well as in the A sample of approximately 20% of the excreta was randomly collected to represent partial excreta collection. For the method of total excreta collection, excreta were weighed and homogenized, placed in plastic bags identified according to collection method and experimental unit, and frozen. At the end of the experimental period, feed intake and total amount of produced excreta were determined. Samples were thawed at environmental temperature. Excreta were homogenized and dried in a forced-ventilation oven at 55°C for 72 hours.
Dried excreta samples were ground in a micro-mill and submitted to the Animal Nutrition Lab. Feed and excreta dry matter, gross energy, nitrogen, and AIA contents were determined.
Dry matter (final drying) was determined according to Silva & Queiroz (2002) . Gross energy was determined by pelleting the diets, which were burnt in a calorimetric bomb (1281, PARR, Instruments, USA). Nitrogen last collection. After removing feathers, feed residues, and other contamination sources, excreta from each experimental unit were collected early in the morning and in the evening. 
content was analyzed by the method of Kjeldahl according to the methodology described by Silva & Queiroz (2002) . AIA was determined using an adaptation of the methodology of Van Keulen & Young (1977) . Approximately 0.75g of the pre-dried samples were weighed in 15-mL borosilicate conical tubes. Samples dried in a convection oven at 80°C for 12 hours, and then burnt in a muffle at 430°C for 10 hours. After cooling, samples were treated with 5mL hydrochloric acid (4N) and placed in a digestor block at 125°C for 30 minutes. Samples were left resting until complete cooling, and were then centrifuged for 10 min at 1500 rpm. The acid was discarded, and approximately 3mL distilled-deionized water were added to the sample. Samples were agitated in a vortex apparatus, and submitted again to centrifugation at the same rotation and for the same time. Final rinsing with water was performed three consecutive times, and after all samples were washed, they were dried again in the convection oven at 80°C for 12 hours. Samples were placed in the muffle at 430°C for 10 hours, and after cooling, samples were weighed to determine AIA percentage. Apparent metabolizable energy (AME) values were determined based on analytical results according to Sakomura & Rostagno (2007) . In order to justify the results, marker recovery rates in the excreta were calculated (g excreted/ g ingested x 100) for the three diets: reference diet (RD), RD + corn, and RD + soybean meal using total excreta production and feed intake data obtained with the total excreta collection method.
Data were submitted to homoscedasticity and normality analyses, outliers were removed, and then submitted to analysis of variance using the GLM procedures of SAS software package. Means were compared by the test of Student-Newman-Keuls at 5% significance level.
RESULTS AND DISCUSSION
Apparent metabolizable energy values were determined according the two methods and are shown in Table 2 . Methods were significantly different (P<00001) only for corn energy determination. There was no difference between methods for soybean meal energy determination, indicating the AIA can be used as a marker to predict soybean meal AME. On the other hand, the partial collection method overestimated corn apparent metabolizable energy when AIA as compared to total collection method. AIA has been wiely used as a marker, yielding good estimates of nutrient digestibility and feedstuff metabolizable energy (Barbosa et al., 2008; Li et al., 2002; Santos et al., 2008; Scott & Boldaji, 1997) .
According to Sales & Janssens (2003) , marker recovery rate in the excreta is the most important criteria to consider when testing markers for digestibility studies, but there are few studies that report this rate. Marker recovery rates of the reference diet (RD), RD + corn, and RD + soybean meal were approximately 101, 111, and 96%, respectively, showing that corn energy values were affected by marker recovery rate in the excreta.
Despite not being commonly performed in practice, AME values were corrected by marker recovery rate. The ratio between marker content in the excreta and its recovery rate (marker percentage in the excreta/ recovery rate) was calculated, resulting in as estimate of marker content in the excreta at 100% recovery rate. The values obtained after correction are shown in Table 3 . The statistical analysis of the corrected 
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values showed that AME values estimated by AIA were not significantly different as compared to those obtained using the method of total excreta collection, indicating that the differences observed in corn were due to the high marker recovery rate obtained with that diet. Some factors may affect marker recovery rate, such as the amount of marker included in the diets. Cheng & Coon (1990) reported that the presence of high silica levels (higher than 2%) affects feed passage rate in the digestive tract, and therefore, digestibility. Scott & Boldaji (1997) , working with wheat and oats with or with no enzyme addition and AIA levels of 0.5, 1.0, and 1.5%, found that in oats with enzyme addition, AME values varied as a function of AIA levels. Therefore, it may be assumed that diet composition may influence nutrient estimates when markers are used, as the content of some components, such as fiber, may affect feed passage rate and consequently marker recovery rate.
It must be noted that, in the present study, marker recovery rate in the reference diet (101%) was close to the optimal rate (100%), indicating the AME estimates in balanced diets are adequate when AIA is used. Based on these observations, it is evident that further studies on factors that interfere in the marker recovery rate in each individual feedstuff should be carried out in order to correctly estimate nutrient digestibility and feedstuff metabolizable energy.
CONCLUSIONS
Feedstuff metabolizable energy estimation using the partial excreta collection method with the use of acidinsoluble ash, was not similar to that obtained using total excreta collection method, demonstrating that total excreta collection is still the most adequate method.
